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1 Introduction
At RAN#70, the narrow band IoT (NB-IoT) work item was revised and approved. Three different operation modes, i.e., standalone, guard-band, and in-band, are supported. The operation modes of NB-IoT systems can be either indicated during the initial cell search, i.e., by using NB-PSS and/or NB-SSS, or by using certain bits, implicitly or explicitly, in narrow band master information block (NB-MIB) carried by the NB-PBCH. As discussed in [2], for the in-band and guard-band operation modes, there will always be a misalignment between the center of the NB-IOT physical resource block (PRB) and the closest channel raster. This information also needs to be signaled to the UE. In this contribution, we present some options for indication of mode of operation and discuss indication of channel raster to the UE.
2 Channel raster
It was agreed in the ad-hoc meeting in January that 100kHz channel raster is assumed by UEs in all three operation modes (i.e. standalone, guard-band and in-band) [1]. It was also agreed that the NB-IoT NB-PSS/NB-SSS center frequency is aligned to 100 kHz channel raster in standalone mode. As discussed in [2], for the in-band and guard-band operation modes, there will always be a misalignment between the center of the NB-IOT physical resource block (PRB) and the closest channel raster. Taking an in-band NB-IOT deployment as an example, when using the 100 kHz raster the absolute value of the offset for all PRB-center locations with respect to each raster location can be in the set {2.5, 17.5, 22.5, 37.5, 42.5} kHz for the even bandwidth configuration and within the set of {7.5, 12.5, 27.5, 32.5, 47.5} kHz for the odd bandwidth configuration. The raster frequency will be aligned with the LTE DC subcarrier, thus it can be seen that 0 kHz raster is not feasible for in-band operation. In other words, for in-band deployment, there will always be a non-zero raster frequency offset, which needs to be accounted for. During the cell search phase, the NB-IOT UE estimates the frequency offset using the NB-PSS transmission. However, this offset consists of both the local oscillator offset as well as the offset resulting from the channel raster. Thus, this information needs to be indicated to the NB-IoT user in order to figure out which ‘absolute’ frequency to camp on. Also, mismatch between the channel raster and NB-IOT PRB center leads to sampling frequency offsets (SFO). This information is also required by the UE to figure out the absolute uplink carrier as per EARFCN.

Additionally, these raster offsets lead to increase in cell search complexity since the UE now needs to account for higher frequency offsets. For example assuming a 20 ppm initial offset at 900 MHz, the local oscillator at the UE can have an offset of 18 kHz. Allowing for multiple raster offset points will lead to significantly high frequency offsets. Thus it is recommended to allow at most +/-2.5 kHz for even bandwidth configuration and +/-7.5 kHz for odd bandwidth configuration. Thus, in addition to NB-IOT mode of operation (standalone, guard-band or in-band), the UE needs to be signalled information regarding the NB-IOT raster frequency offset.

Proposal 1: For minimizing device complexity resulting from cell search computations, it is recommended to only use the PRBs whose centers are +/-2.5 kHz and +/-7.5 kHz away from the LTE channel raster points (100 kHz raster) for in-band deployment.

Observation 1: The UE needs to be signalled the raster frequency offset from a small subset (0 kHz, +/-2.5 kHz, +/-7.kHz) for it to figure out the absolute frequency to camp on in addition to the mode of operation (i.e., standalone, guard-band or in-band)

3 Mode of operation indication options
3.1 Using NB-PSS
The NB-PSS sequence is used to achieve time and frequency synchronization. Given that NB-PSS detection forms a major part of device complexity, it is not recommended to have multiple NB-PSS sequences indicating information regarding mode of operation or raster frequency offset. Indicating all this information during NB-PSS detection phase would lead to high number of hypotheses tests and extremely high device complexity. Having said that, one bit of information can be carried in NB-PSS by making use of complex conjugate property of NB-PSS sequences [3]. In this case, a ‘one-shot’ correlator can be used to determine the correlation results for the NB-PSS sequence and its complex conjugate. Exploiting the computational benefits of complex conjugate Zadoff Chu sequences for number of required correlation operations, a one bit of information can be conveyed using NB-PSS. This can be used to indicate either standalone vs guard-band/in-band, or used to indicate standalone/guard-band vs in-band. Note that the former implicitly also indicates whether the raster frequency offset is zero vs non-zero and the latter implicitly indicates the absence or presence of cell specific reference signals (CRS). The latter should be used only if indicating the presence or absence of CRS helps the UE in improving NB-SSS detection. 
To evaluate if the information regarding absence of CRS helps in better NB-SSS detection, we simulate the NB-SSS detection for the two scenarios to help us make this decision. We use the NB-SSS design and simulation assumptions in [4] to perform the simulations. We simulate the following two cases:
Case 1: NB-SSS is punctured and that knowledge is not available at the receiver.
Case 2: NB-SSS is punctured and that information is available at the receiver and the receiver punctures corresponding RE locations for both local and received copy of the sequences. 
The simulations are for extreme coverage: 164 dB MCL and in-band deployment with CRS on two antenna ports. This is the time required to detect NB-SSS after NB-PSS has been correctly detected. Since NB-SSS is sent every 20 ms, post NB-PSS detection, the UE looks for NB-SSS in 20 ms windows. 
Table 1: Time required for NB-SSS detection (in ms) for in-band deployment
	Statistic 
	Case 1
	Case 2

	Average 
	65.84
	65.08

	50th percentile
	40
	40

	95th percentile
	240
	240



As can be expected, Table 1 shows that the information regarding the presence of CRS does not lead to any gain in NB-SSS detection. Thus, the one bit of information can be used to indicate standalone vs. guard-band/in-band operation mode.
Proposal 2: The NB-PSS should not be used to indicate all the information regarding mode of operation and frequency offsets resulting from the channel raster. If needed, NB-PSS sequence and its complex conjugate can be used to differentiate between standalone vs guard-band/in-band.
3.2 Using NB-SSS
NB-SSS is used to indicate the cell ID and frame location within a 80 ms NB-frame. In [5], it is suggested to use NB-SSS to indicate the operation modes. If NB-SSS sequences are also used to indicate the operation modes, 3 different sets of NB-SSS sequences need to be designed. If only the offsets resulting from the raster frequency needs to be indicated, 5 different sets of NB-SSS sequences need to be designed. Indicating a combination of operation mode and offsets resulting from channel raster would need design of even higher number of sequences. In principle, it is possible to design scrambling sequences or cyclic shifts of Zadoff Chu sequences to fulfill these requirements, but this comes at the cost of increase in device complexity resulting from additional hypotheses tests. Moreover, in Section 3.2, we debate that the mode of operation information can easily be derived from certain fields in NB-MIB (Narrow-Band Master Information Block) and thus, indication of operation mode by NB-SSS is not really needed. 
Proposal 3. Using NB-SSS to indicate operation mode and/or channel raster offsets might lead to higher device complexity because of more number of hypotheses tests and is thus, not recommended.  
3.2 Using NB-MIB
The number of CRS antenna ports needs to be included in the NB-MIB for proper decoding of the NB-SIB1 [6]. To allow the NB-IoT UE to also use the legacy LTE CRS for channel demodulation, the LTE PRB index in which the NB-PBCH is transmitted can also be included in the NB-MIB. Two bits are required for the number of LTE antenna ports {0, 1, 2, 4} and seven bits for the PRB index. The mode of operation can be implicitly indicated by the aforementioned parameters. For example, the PRB index can signal in-band (0-99), guard-band (100-110), or standalone (111) mode of operation. Alternatively, a non-zero number of LTE CRS antenna ports signals in-band mode of operation, if the number of LTE CRS antenna ports is set to zero, the PRB index is used to distinguish between guard-band and standalone mode of operation. Lastly, if the number of LTE CRS antenna ports is set to zero, the PRB index signals standalone mode of operation, otherwise the PRB index distinguishes between in-band and guard-band mode of operation. If the PRB index indicates guard-band mode of operation, the UE shall ignore the indicated number of LTE CRS antenna ports accordingly. 
The offsets resulting from channel raster can be indicated before or as part of the SI message carrying the EARFCN for uplink, for e.g., NB-MIB, NB-SIB1, NB-SIB2 etc.
Observation 2: The number of LTE antenna ports {0, 1, 2, 4} or PRB index {0, 1, 2, …, 111} can be used to decode information regarding in-band or guard-band operation mode.
Proposal 4: The offsets resulting from channel raster can be indicated before or as part of the SI message carrying the EARFCN for uplink, for e.g., NB-MIB, NB-SIB1, NB-SIB2 etc.
4 Conclusions
In this document, we presented our views on indication of mode of operation and offsets from channel raster. The following are our observations and proposals.
Observations:
Observation 1: The UE needs to be signalled the raster frequency offset from a small subset (0 kHz, +/-2.5 kHz, +/-7.kHz) for it to figure out the absolute frequency to camp on in addition to the mode of operation (i.e., standalone, guard-band or in-band)
Observation 2: The number of LTE antenna ports {0, 1, 2, 4} or PRB index {0, 1, 2, …, 111} can be used to decode information regarding in-band or guard-band operation mode.
Proposals:
Proposal 1: For minimizing device complexity resulting from cell search computations, it is recommended to only use the PRBs whose centers are +/-2.5 kHz and +/-7.5 kHz away from the LTE channel raster points (100 kHz raster) for in-band deployment.
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Proposal 3. Using NB-SSS to indicate operation mode and/or channel raster offsets might lead to higher device complexity because of more number of hypotheses tests and is thus, not recommended.  
Proposal 4: The offsets resulting from channel raster can be indicated before or as part of the SI message carrying the EARFCN for uplink, for e.g., NB-MIB, NB-SIB1, NB-SIB2 etc.
References
[1] [bookmark: _Ref440220396]“RAN 1 Chairman notes,” 3GPP TSG-RAN1 NB-IOT Ad Hoc, Budapest, Hungary, Jan 2016.
[2] R1-160082, “NB-IoT Channel Raster,” Ericsson, 3GPP TSG-RAN1 NB-IOT Ad Hoc, Budapest, Hungary, Jan 2016.
[3] R1-160187, “NB-IoT Primary Synchronization Signal Design,” Intel Corporation, 3GPP TSG-RAN1 NB-IOT Ad Hoc, Budapest, Hungary, Jan 2016.
[4] R1-160411, “On NB-IoT Secondary Synchronization Signal Design,” Intel Corporation, 3GPP TSG RAN WG1 Meeting #84, St Julian’s, Malta, Feb 2016.
[5] R1-160115, “NB-PSS and NB-SSS Design,” Qualcomm Incorporated, 3GPP TSG-RAN1 NB-IOT Ad Hoc, Budapest, Hungary, Jan 2016.
[6] R1-160405, “NB-PBCH Physical Channel Processing,” Intel Corporation, 3GPP TSG RAN WG1 Meeting #84, St Julian’s, Malta, Feb 2016.



4/4
